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Introduction
Diabetes prevalence is increasing at an alarming rate. Older individuals (N65 years) account for the largest segment of the population with type 2 diabetes (T2D), with a prevalence of~27% [1] . Prediabetes, defined as impaired fasting glucose (IFG) or impaired glucose tolerance (IGT), affects~79 million older, overweight adults [1] . Furthermore, up to 70% of individuals with prediabetes may advance to T2D [2] . Thus, interventions to help prevent or reduce the occurrence of T2D are urgently needed.
Past reviews of the health benefits of resistance training (RT) indicate that it is a prime intervention for older adults [3] . Brief, whole-body RT protocols consistent with current American College of Sports Medicine (ACSM) guidelines [4] could increase strength and muscle mass and reduce the risk of sarcopenia, insulin resistance, and loss of bone mineral density [5] [6] [7] . RT is increasingly recognized as an important treatment component for T2D [8] to improve glycemic control and insulin sensitivity via increased muscle cross-sectional area [9] , increased lean body mass [10, 11] and improvements in muscle metabolic properties [12] . RT is particularly beneficial for older, prediabetic adults given the loss of lean body mass and worsening of glucose tolerance with aging. Beneficial effects of RT have been noted without changes in body weight/fatness and cardiorespiratory fitness [9, 10, [13] [14] [15] . Since both reductions in lean body mass and worsening of glucose tolerance are commonly observed with advancing age [16, 17] , RT regimens that safely and efficiently maintain or increase lean body mass may prevent or delay the development of impaired glucose homeostasis [18] .
RT can be effectively initiated in well-supervised settings, yet few theory-based studies exist which demonstrate effective maintenance of RT in minimally supervised settings [19] . While social cognitive theory (SCT) has been frequently applied to physical activity (PA) and to some extent aerobic training, it has been minimally applied to RT. Unique aspects of RT such as its precision and intensity, and time and place specificity may require greater and differential use of self-regulation skills in both the short-term and long-term than aerobic training. Different constructs and variables also may have differential importance and impact in initiating and then maintaining RT.
Current diabetes prevention programs have had difficulty translating and continuing the beneficial lifestyle outcomes evident in a supervised clinical setting to largely unsupervised community settings [20] [21] [22] [23] [24] [25] [26] [27] . The Resist Diabetes trial attempts to demonstrate that the RT protocol used in a supervised clinical setting can be successfully translated and maintained in community settings by implementing an SCT-based maintenance intervention. The intervention is one of few studies [8] to apply familiar SCT constructs, such as self-efficacy, outcome expectancy (OE), self-regulation, and behavioral constructs, to the initiation and maintenance of RT in older adults. The Resist Diabetes trial will evaluate a 15-month SCT-based intervention for the maintenance of RT in older overweight adults with prediabetes, using a hybrid efficacy/effectiveness approach.
Aims and hypotheses
The overall aim of this phase II clinical trial is to demonstrate the efficacy and effectiveness of a high fidelity SCT-based intervention for initiating and maintaining RT in older adults with prediabetes to improve glucose homeostasis. It is hypothesized that SCT-based follow-up with faded contact will produce better outcomes than the Standard Care follow-up at 9-month and 15-month assessments. It is also hypothesized that improvements in glucose homeostasis and strength from RT will be mediated by adherence, selfefficacy, and use of self-regulation strategies.
Primary outcome measures are indices of prediabetes (i.e., impaired fasting and 2-hour blood glucose concentration) and strength. Secondary measures include insulin sensitivity, β-cell responsiveness, and disposition index as determined by the oral glucose and C-peptide minimal model; RT adherence; fat-free mass; lean body mass gain; other indicators of health and metabolic fitness; and SCT measures.
Study design

Overview
The Resist Diabetes study is a 15-month randomized controlled trial including men and women aged 50-69 years (N = 170) with prediabetes, defined as exhibiting either IFG (fasting glucose = 95-125 mg/dl) and/or IGT (2-hour glucose = 140-199 mg/dl), and who met all other inclusion criteria. All participants first followed the same standard, supervised 3-month initiation phase with RT (detailed in Section 3.6.2 RT protocol -initiation phase). After the 3-month initiation phase, participants (N = 159; 94% retention) were randomly assigned to one of two maintenance conditions for 6 months: 1. a long-term, higher fidelity, SCT intervention using interactive, self-regulation procedures (e.g., goal setting, monitoring, reporting feedback, planning, problem solving) with tailored web-based and faded personal contact, or 2. A more standard, usual care condition with SCT content (e.g., didactic instruction in problem solving), generic web-based and more minimal contact. Thus, the two conditions shared SCT content but differed on the degree of interactivity, tailoring, and dose of contact. A 4-week transition phase following randomization prepared participants to continue the RT protocol at a self-selected but project-approved community/public health facility. For both conditions, contact ended after 6 months, but the participants are expected to continue RT at their respective facilities. The assessments are completed at baseline, at the end of the common initiation phase (3 months), at the end of the different maintenance intervention phase (9 months), and six months after all contact has ended (15 months from baseline), providing an assessment of maintenance with differential faded contact and with no further contact. If group differences are detected in the primary outcomes, we acknowledge that it will be uncertain if we can attribute these differences to the high fidelity SCT intervention or the degree of contact received by each group.
The study design, recruitment, and randomization overview is presented in Fig. 1 . Of those responding to study advertisements, accessing our informational website, and establishing online accounts (N = 1046), 846 individuals initiated the preliminary online eligibility screening process. Of those, 561 individuals were disqualified during the online screening process and 285 individuals consented to participate and were screened at a baseline assessment clinic. One hundred seventy individuals met prediabetes eligibility criteria [28] and enrolled in the supervised initiation phase. After the 3-month initiation phase, 159 participants were randomized to one of the two conditions (SCT: N = 79; Standard: N = 80). Ten participants dropped out of the initiation phase for various reasons (Fig. 1 ). At present, up to the 9-month assessment clinic, overall retention is 81%.
Recruitment and screening
Adults aged 50-69 years were recruited from Roanoke, Virginia and its surrounding communities (Table 1) . Recruitment began in January 2011 and ended September 2012.
Recruitment methods included newspaper advertisements, advertising at workplaces and community churches, and direct mail in targeted zip codes (within a 15-minute drive from the research facility) to households with non-smokers and at least one adult within the required age range. Recruitment took place in four waves, with each recruitment period lasting about four months. Recruitment informational materials directed potential participants to a study informational website, which allowed individuals to determine if they met eligibility requirements via an online self-screening process. Prior to accessing the online screening questions, potential participants completed a brief online informed consent process. If they remained interested in participating after reading this information, individuals were invited to create a personal account on the website and complete a comprehensive online screening questionnaire which inquired about demographics (i.e., age, gender, ethnicity, level of education, income and occupation), height and weight, usual PA level (including RT), cardiovascular disease (CVD) symptoms, health and medical history, medication usage, and the AHA/ACSM Health/Fitness Facility preparticipation screening questionnaire [29] . To be eligible, individuals were required to have internet access for screening and participation, as some intervention components were delivered and completed online.
Eligibility
Study inclusion and exclusion criteria are listed in Table 2 . Eligible individuals were apparently healthy (no known presence of heart disease), with no symptoms of CVD (chest discomfort, dizziness, shortness of breath, leg discomfort consistent with claudication) as defined by the American Heart Association [30] . Individuals were excluded if they indicated that they were current smokers, had been diagnosed with CVD, diabetes, pulmonary, liver or kidney disease, or other life-threatening illnesses or conditions during the online screening process. Additional exclusion criteria included conditions restricting PA or the ability to RT, such as orthopedic injuries or musculoskeletal disabilities, and taking any medications known to influence energy metabolism (e.g., beta blockers) or body weight or composition (e.g., thyroid replacement, antidepressants). Individuals taking other commonly prescribed medications, such as those used to treat dyslipidemia or hormone replacement therapy, were eligible for participation provided that they had been on a stable dose of the medication for an extended period of time (e.g., N1 year). Individuals with hypertension whose blood pressure (BP) was adequately controlled (i.e., b 140/b 90 mm Hg) with antihypertensive medications were permitted to participate. Individuals who appeared eligible following the online screening were required to obtain the written consent of their personal care physician (PCP) using a standardized medical clearance form prior to enrollment, which also described the nature of the study. Additional eligibility criteria (i.e., prediabetes status) were assessed during the initial laboratory assessment session.
Assessment clinics
Testing sessions
Individuals eligible following the online screening who submitted a signed medical clearance form to the project director (PD) were scheduled for a baseline assessment clinic at Virginia Tech (VT) Riverside in Roanoke, VA. The assessment clinic consisted of two testing sessions. Potential participants received a reminder about their upcoming assessment clinic and were provided preparation instructions via email. Individuals were asked to arrive in a fasted state (no food or caloric beverages for 12 h prior to appointment), consume 2-3 cups of water the evening before and morning of their appointment, and abstain from exercise and alcohol 48 and 24 h, respectively, prior to their appointment. The first visit included a detailed health and medical history and assessments of height, weight, body mass index (BMI), and BP, as well as fasting glucose and glucose tolerance during a 2-hr oral glucose tolerance test (OGTT) to confirm eligibility. To remain eligible, individuals met one or both criteria for prediabetes: 95-125 mg/dl fasting plasma glucose (FPG) concentration (based on Diabetes Prevention Program criteria; [28] ) and 140-199 mg/dl 2-hr plasma glucose concentration post 75 g glucose load. Over the four waves of recruitment, 60% of participants who completed baseline laboratory testing qualified for the study. Individuals who were not eligible based on their measured BMI or plasma glucose concentrations were disqualified and did not continue to the second day of testing. Eligible individuals were then scheduled by phone for the second day of testing sessions, which included waist circumference (WC), a body composition scan, and strength tests (3-repetition maximum [RM]) at the same facility. Participants who complete any of the 2-day assessment clinics are compensated (e.g., gift cards or cash) each time. Assessments completed at baseline and at each subsequent testing session are listed in Table 3 .
Timeline
Assessment clinics are completed by each participant at baseline and each subsequent follow-up assessment point (i.e., 3 months, 9 months, 15 months), at least 24 h after their last RT session. The 2-day assessment clinics are conducted within an average two-to ten-day period at each assessment point. Up to 5 participants are scheduled between 7-8 a.m. in 15-minute increments for day 1 testing. All OGTTs begin between 7 and 9 a.m., which is held consistent for each individual. Each participant is scheduled individually between 7 a.m. and 7 p.m. with one of the research assistants/ACSM-certified personal trainers for day 2 testing. Testing sessions for each participant last approximately 3 h on day 1 and 1-1.5 h on day 2.
Measures
The following variables are assessed at each 2-day assessment clinic, as listed in Table 3 . Note: IFG = impaired fasting glucose; IGT = impaired glucose tolerance; CVD = cardiovascular disease; RT = resistance training; HTN = hypertension; BP = blood pressure.
Anthropometrics
Height is measured without shoes to the nearest 0.1 cm using a wall-mounted stadiometer. Body mass is measured to the nearest 0.1 kg using a digital scale (Healthometer ProPlus ™, Pelstar, McCook, IL). BMI is calculated as weight (kg)/ height (m) 2 . WC is measured to the nearest 0.25 cm using a Gulick tape measure at the level of the umbilicus and the mean of two measurements within 1.0 cm is recorded. Body fat percent, absolute fat mass and fat-free mass is assessed using dual-energy X-ray absorptiometry (DXA; GE Lunar Prodigy, software version 11.40.004, Madison, WI). The participants wear a hospital gown during DXA scans to standardized clothing. Premenopausal women (without a hysterectomy or complete oophorectomy) complete a urinary pregnancy test prior to each scan.
Blood pressure (BP)
BP measurements are conducted according to standardized guidelines [31] . Briefly, individuals are fitted with an appropriate size cuff and sit quietly for 5 min in a clinical exam room. BP measures are then obtained every 3 min using a Dinamap automated sphygmomanometer (ProCare, Model 9300, GE HealthCare, Milwaukee, WI). BP measurements continue until the mean of 2 consecutive readings is ± 10 mm Hg for systolic and diastolic BP [32, 33] .
Oral glucose tolerance test & blood chemistry
Consistent with American Diabetes Association criteria [34] , prediabetes is determined using FPG concentrations and 2-hour OGTT results. The fasting and 2-hour glucose concentrations are primary outcome measures. Participants are seated for the 2-hour test period. Our research nurse inserts a 20-gauge catheter with a 3-way stopcock for blood sampling into the antecubital vein. A baseline fasting glucose sample (two 7-mL plasma and two 5-mL serum vacutainers) is initially obtained (min 0). The participants then consume an 8-ounce 75 g orange-flavored glucose beverage (Fisherbrand, Fisher Scientific, Hanover Park, IL) within the first 5 min of the test. Additional blood samples are obtained at minute 10, 20, 30, 60, 90 and 120 after consumption of the glucose load according to the 7-sample OGTT [35] . A saline flush maintains patency after each blood draw. When catheter placement is not successful, a butterfly needle is used only at time 0 and 120 for blood collection. All blood collections are performed in aseptic conditions. Plasma samples are immediately placed on ice and serum samples remain at room temperature for at least 15 min after each collection timepoint.
Collected blood samples are processed on-site by a trained research technician. Blood samples are separated by centrifugation (Model 5702R, Eppendorf, Hauppauge, NY) at 2000 g for 15 min. Glucose concentrations (mg/dl) are immediately analyzed in duplicate on a YSI 2700 Select glucose analyzer (YSI Life Sciences, Yellow Springs, OH). The plasma and serum samples (4 mL each) at each timepoint are transferred to 2-mL cryogenic vials and stored at − 80°C (Revco Ultima II, Thermo Scientific, Hanover Park, IL) for later analysis of insulin and C-peptide (see Section 3.5.4 Oral glucose and C-peptide minimal model). Batch analysis of the stored plasma and serum samples will occur in the Human Nutrition, Foods and Exercise departmental Metabolic Phenotyping Core laboratory at VT after data collection is complete. Commercially-available assay kits for insulin and C-peptide will be used (Human insulin and C-peptide ELISA, ALPCO; Insulin and C-peptide IMMULITE kits, Siemens).
Oral glucose and C-peptide minimal model
Changes in glucose and insulin metabolism will be assessed by determination of insulin sensitivity, beta-cell responsivity, and disposition index during the OGTT at each assessment point. Insulin sensitivity (SI) will be estimated from plasma glucose and insulin concentrations using the oral glucose minimal model [35] [36] [37] [38] , while indices of beta-cell responsivity (dynamic, Φd, static, Φs, and overall Φ) will be assessed from plasma glucose and C-peptide concentrations using the oral C-peptide minimal model [35, 39] . In order to determine whether insulin secretion is appropriate for the degree of insulin resistance, Φd, Φs, and Φ will also be expressed in relation to insulin sensitivity through the dynamic, DId, static, DIs, and overall DI disposition indices.
Dietary intake assessment
Three 24-hour dietary recalls are completed to assess habitual dietary intake at each assessment point. The first recall is completed in-person by a trained research dietitian during the OGTT. Sample pictures of dinnerware, glassware, and measuring utensils are provided to aid participants in Table 3 Resist diabetes: assessment clinic timeline. 
Dietary intake 24-hour recalls X X X X Questionnaires RT health beliefs X X X X PAQ X X X X Trainer ratings X Timeline follow-back calendar X X Note: DXA = Dual-energy X-ray absorptiometry; 3RM = 3 repetition maximum; RT = resistance training; PAQ = physical activity questionnaire.
their serving size estimations, if necessary. The remaining two dietary recalls are completed by phone over the following two weeks by the same dietitian; recall days are unannounced according to recommended dietary assessment procedures [40] . Two weekdays and one weekend day are recalled. To date, our overall completion rate for collecting three recalls at each time point is 89%. Although dietary data collection and analysis is ongoing, preliminary analyses indicate that the mean reported energy intake (EI) of participants in our sample is~1800 kcal/d, which is similar to that reported by this age segment in nationally representative samples [41] . Additional analyses comparing reported EI to estimated daily energy requirements indicate that reported EI was within~8% of estimated requirements in men and within~15% of estimated requirements in women. The Nutrition Data System for Research software (NDS-R 2010, University of Minnesota, Minneapolis, MN) is used to estimate energy, macronutrient, and micronutrient content [e.g., kcal; carbohydrate, fat and protein (g and %); cholesterol (mg); fiber (g); sodium (mg); Vitamin A, C, E (%)], and other relevant dietary variables (e.g., glycemic load, added sugars, energy density).
Strength tests
Strength change on the chest press and leg press resistance machines is a primary outcome measure. Three-repetition maximum (3RM) strength is assessed following ACSM guidelines and procedures at each assessment point [4] . Prior to baseline assessment, all participants had an extended orientation and practice with these movements. Following orientation, the procedures consists of a general aerobic warm-up (i.e., recumbent bike or treadmill), a specific warm-up on each machine, and then the performance of five controlled (3-second concentric, 3-second eccentric) repetitions where the last repetition is judged as 'hard' (7-8) on a Borg perceived exertion scale (RPE; 1-10; [42] ). Participants then rest for 3-5 min. Resistance is increased 10%-20% beyond the resistance used for completing five repetitions on each machine. Participants subsequently perform three controlled repetitions at an RPE of 'very hard' (9-10) during the last repetition with an inability to perform a fourth repetition. If this level of perceived exertion is not reached, participants rest for 1-2 min, resistance is increased 5%-10%, and the procedure repeated. The resistance used for the 3RM on the chest press and the leg press (max. of 495 lb) is the strength measure at all assessment points. In order to assure uniformity, strength testing follows the same procedures at each assessment point.
Physical activity questionnaire and health beliefs survey
The participants are instructed to complete two online surveys regarding PA and their health beliefs related to RT prior to each scheduled assessment clinic. The physical activity questionnaire consists of questions on type, frequency and intensity of PA that participants may have participated in within the last 3 months [43] . The RT health beliefs survey, adapted and further developed specifically for this trial [44] , rates measures of social support, self-efficacy, outcome expectations and self-regulation during periods of RT.
Trainer ratings
During the 3-month assessment clinic, our research assistant/personal trainers were evaluated by each participant on their conduct during the initiation phase. A 7-item trainer rating tool was used to determine scores related to competence, professionalism, helpfulness, and program satisfaction. All trainers received high mean rating scores (N6/7 point rating) throughout the study period. Trainer ratings were used to insure consistent supervision and feedback of each RT session and to determine the effect of the trainers' RT knowledge and behavior on participants' motivation to RT.
Feedback reports
The participants receive a 3-page feedback report in-person or by mail after the completion of each 2-day assessment clinic. The report includes a description of each measurement, categorical charts of normative or ideal results (if available), and their personal outcomes for each completed assessment measure. They also receive a summary report of their dietary intake compared to the dietary reference intakes [45] . A pamphlet containing standard nutrition information from the 2010 Dietary Guidelines for Americans [46] is also included in the feedback packet.
3.6. Resistance training protocol 3.6.1. Performance site and personal trainer supervision All training during the supervised initiation phase was conducted in the lab-gym at VT's Riverside research facility in Roanoke, VA. The lab-gym is a 1500 sq ft training area which is equipped with aerobic exercise equipment (treadmills, recumbent bikes) and 12 Nautilus Nitro Plus resistance training machines. Research assistants/personal trainers (1 full-time and 2 part-time) were available from 7 a.m. to 7 p.m. every weekday. This allowed for 2-4 participants to be scheduled at any time, with each trainer attending to 1-2 participants during each RT session.
All the trainers were ACSM-certified and had CPR and AED training. Their primary role during the initiation phase (see Section 3.6.2 RT protocol -initiation phase) was that of a conventional trainer. The trainers were instructed on the delivery of the RT protocol and other procedures used in each session. They were also provided a trainer's manual, emphasizing the conduct of each RT session, data entry and scheduling RT sessions. Prior to supervising the study participants, the research assistants/personal trainers were observed over a 2-week period by the principal investigators (PIs) and PD during training sessions with volunteer "practice subjects". The practice sessions included exposure to each piece of Nautilus equipment used in the intervention so that the trainers became familiar with their use and proper techniques. During the initiation phase, the primary role of the trainers during a session was to provide encouragement and corrective feedback on each participant's form and the degree of apparent effort.
RT protocol -initiation phase
All the participants were involved in RT sessions 2 times per week for 3 months supervised by our research assistants/ personal trainers in our lab-gym. The initiation phase used a whole-body RT protocol that conformed to ACSM guidelines [4] on nonconsecutive days. The training schedule was set at the same time on Monday and Thursday or Tuesday and Friday (with Wednesday as a make-up day), allowing for at least one day of rest between RT sessions. The exercise pieces in the protocol were: leg press, leg extension, seated leg curl, calf raise, chest press, lat pulldown, row, shoulder press, seated dip, lower back, abdominal crunch and rotary torso. The protocol took approximately 35-45 min to complete. The participants were required to attend at least 17 of the 24 scheduled RT sessions (70% minimum adherence) to participate in the 3-month assessment clinic and progress to the next phase of the study.
The first two sessions (week 1) of the initiation phase involved mastery experiences for RT-trainer modeling, guided practice, corrective feedback on participant's repetition, duration, and range of motion, overall form, and practice making a good-to-high degree of effort on exercises using the RPE scale as a basis. The participants also received both verbal instructions and a printed manual describing the principles of RT within the 'intrinsic' (i.e., high degree of effort and fatigue within the targeted muscle group) training model. This approach follows from recent research showing that the stimulus for muscle protein synthesis and hypertrophy appears to be related to a high degree of effort and fatigue and not a specific RM as assumed within the traditional, 'extrinsic' (i.e., predetermined percent of RM and/or repetitions) weightlifting model [47] . The resistance for each machine during these sessions was set by the trainers at~50% of the starting resistance determined during the baseline assessment clinic (see Section 3.5.6 Strength tests). Thereafter, all the sessions were supervised and all the records of each participant's training session were entered into an online database. In week 2, training began with resistance established for each exercise for each participant during assessment. Subsequently, the participants could only increase resistance 5% on a given exercise after completing at least eight 3-second concentric, 3-second eccentric contractions on the exercise (with good form) for 2 consecutive sessions or 2 of 3 RT sessions with a high RPE. Overall, the participants were expected and judged to perform all 12 exercises at moderate resistance for 8-12 repetitions with good form and a high degree of effort to concentric failure during each RT session over the 3-month Initiation phase.
Rationale for the selection of exercise dose/volume
Compelling evidence shows that relatively simple, brief, lower volume RT protocols performed 2-3 times per week and focused on compound movements that affect multiple muscle groups can provide an adequate stimulus to promote strength and hypertrophy [48] . This 'intrinsic', effort-based RT approach, itself a paradigm shift from the 'extrinsic' weightlifting model, focuses on proper form and degree of effort. In practice, middle aged to older adults can, in this manner, safely RT 2-3 ×/wk with whole-body routines taking about 35-45 min. In order to assure sufficient volume, our RT protocol described above (Section 3.6.2 RT protocolinitiation phase) includes multiple exercises for major muscle groups for one set each. Note that traditional RT protocols are described as training at a specific RM, such as 80% of 1RM in a given exercise. As pointed out in the ACSM guidelines [4] , however, this approach has its limitations. Because of a number of factors, different people will be able to perform a different number of repetitions with a given RM. There also are intra-individual differences so that for different exercises at the same RM, a different number of repetitions may be performed. Therefore, we believe we have delivered a high quality, standard RT initiation program for our older, sedentary prediabetic participants.
3.7. Participant safety 3.7.1. IRB approvals and confidentiality
All the study procedures were approved by the Institutional Review Board (IRB) at Virginia Polytechnic Institute and State University. Potential participants provided informed consent three times prior to enrolling in the Resist Diabetes study. Interested individuals were required to read an online version of the informed consent document and acknowledge consent prior to entering the online screening process. As previously described (see Section 3.3 Eligibility), potential participants who remained eligible after completing the online screening questionnaire also obtained medical clearance from their PCP. The standardized form described the study rationale, purpose and protocol, and was used to obtain the physician's signature of clearance for participation and contact information. These individuals also provided written consent prior to completing day 1 of the baseline assessment clinic. If an individual remained eligible after the baseline assessment clinic, verbal consent was obtained to continue study procedures.
All self-reported and online assessments were treated as confidential. Participant folders containing medical history and collected data, and all consent forms and medical clearance forms were stored separately in secured, locked filing cabinets accessible only to project personnel. Electronic copies of data were password protected, filed with no identifying information, and stored on computers with firewall protection. No participant social security numbers were collected at any point of the study.
Adverse events and data and safety monitoring protocols
In the event of an adverse event (AE; e.g., cardiovascular event, prolonged musculoskeletal soreness or pain), participants were instructed to immediately contact a member of the study staff (e.g., personal trainer, PD, Medical Director) by phone or email. For emergencies, participants were instructed to go directly to the emergency room or call 911. During the initiation phase, research assistants/personal trainers were asked to record and report any signs of minor or major problems during RT to the PD and/or PIs. For "minor" prolonged problems (i.e., prolonged muscle soreness), we responded immediately and recommended that participants stop the RT program and consult with their PCP. For any problem, we initiated a follow-up contact to assure participants were able to follow up with a health care provider. We also required medical clearance for such participants to proceed in the RT program. Records of these reports are maintained to determine if a specific participant repeatedly reports problems. All the contacts were secure, stored confidentially, monitored daily, and accessible only by the program staff. All AEs were reported to the IRB within 24 h of notification from the participant, as required by the university; thus far, only four AE reports (shortness of breath and chest pain; persistent back pain with shortness of breath; substantial and prolonged pain and stiffness in hip and leg; prolonged shoulder pain) potentially related to RT have been submitted to the IRB. A report including descriptions of AEs is provided every six months to the trial's Data Safety and Monitoring Board (Members: Project Medical Director and two faculty not otherwise involved with the trial, with expertise in Exercise Physiology and Psychology) in order to review study progress and ensure participant safety.
SCT and standard conditions
The participants were randomized to either an SCT-based intervention or standard, usual care condition after completing the 3-month assessment clinic but prior to the start of the transition phase. A stratified random assignment procedure was used with sex and responsiveness (i.e., initial mean strength gains on chest press and leg press of b15%, 15% to b35%, or ≥35%) as grouping variables. Table 4 presents the characteristics (as collected at the 3-month assessment clinic) of our randomized participants by intervention group. Fasting glucose concentration assessed at 3 months was higher for females assigned to the SCT group compared to the standard care group (103.6 mg/dl vs. 99.6 mg/dl, respectively).
The following sections describe the SCT intervention and the standard condition. The transition phase lasted four weeks, comprised of nine sessions for SCT participants and three sessions for standard participants. Following transition, the maintenance phase lasted six months, followed by six months of no contact. Table 5 presents the differences between the SCT and standard intervention groups during the transition phase and also shows how each SCT element was operationalized and employed.
SCT intervention
A theory-based approach
Consistent with SCT, this hands-on and highly individualized intervention focuses on self-efficacy, OE, and selfregulation related to RT. Our approach to training and problem solving was guided by multiple domains of self-efficacy (i.e., task self-efficacy, barrier self-efficacy, and self-regulatory efficacy) and OE (i.e., positive instrumental/social OE, negative instrumental/social OE, and affective response expectancy). We also facilitated the use of self-regulation strategies necessary to regularly resistance train 2×/wk, including planning, goal setting, and problem solving.
Transition phase
The nine SCT transition phase sessions (see Table 6 ) included RT workouts with and without a personal trainer at both the lab-gym and newly self-selected community/public health facility. Across these sessions, the participants gradually transitioned from RT with a trainer, to training alone but with a trainer present, and lastly, to training alone with no trainer present in the new facility. This phase involved faded contact meant to ease each participant's transition from the lab-gym to his or her selected facility. The participants were responsible for paying the monthly membership fees associated with using the self-selected facility. The overall objective was to optimize self-efficacy, use strategies to change or improve ecological factors, and to make progress in RT with some potential minor modifications in the protocol to improve the likelihood of continued training.
Each transition session began with a brief review of the previous RT session, the stated goals for the current session, and relevant data entry. Each session ended with a review of the RT session; reporting of workout data, including notes on form and RPE; and collaborative development of plans and goals for the next session. In addition, SCT participants reported an overall expectancy rating (0-10) to continue to RT twice weekly after each RT session. Of note, the goal setting was individualized while generally following the guideline of increasing resistance by~5% for an exercise when eight 3-second concentric, 3-second eccentric repetitions were completed with a given resistance for two consecutive RT sessions or 2 of 3 sessions. Tailored feedback on each participant's workouts and progress were provided via the Resist Diabetes website based on plans and meeting goals (discussed below in Section 4.1.4 RT-tracking software).
During transition, the research assistants/personal trainers engaged in problem solving with each participant, when necessary, based on questions or problems that arose and reported barriers to RT maintenance, including reported self-efficacy or affect and ecological factors. Discussion points may have included work and family responsibilities and schedules, time for rest and recovery, and support from other people. A strategy may have been chosen and used to correct or change circumstances or to improve circumstances that were adequate but could have been more facilitative. Based on experience with using the strategy, the strategy may have been retained or modified, or a new strategy was chosen. Thus, 
3-4
Train alone with trainer present. Enter all training data in lab-gym alone and receive feedback based on plan and meeting goals. Plan next workout given expectancy rating and progress. 4 Choose facility with trainer to continue to train alone after transition phase.
5-7
Train one-on-one with trainer in new facility. Focus on how new machines work plus comfort and ecological factors that can influence continued training. Report from any internet access point training data, expectancy rating, and use of any strategies. Enter goals and plan for the next workout. Focus on form and effort; based on progress, plus repetitions and resistance; plan next session. Self-regulation outside session -subset of SR scale after supervised training ends Problem solving to choose strategies given barriers to training. Report on strategies, provide feedback, stay with or choose new strategies.
Brief print manual about problem solving.
Self-monitoring -participants' records
Record each workout plus specific strategies chosen; notes on session to improve next session.
Generic information about the process provided plus downloadable workout forms from the website. Goal setting, feedbackparticipants' goals
Receive automated tailored feedback on each session and suggested goals for each exercise.
Generic information about the processes provided.
Ecological -strategies selected and used
Initial and continued assessment to develop strategies to overcome barriers and facilitate RT.
Information included in brief print manual about problem solving. Expectancy to continue training scale Continuous assessment of expectancy for training 2×/wk. Use expectancy rating as a gateway to strategies provided on the website and by the follow-up coordinator.
No assessments or strategy selection.
Transfer of training -measure ratings of comfort in new facility and how well RT will fit schedule
Hands-on sessions in new facility. Attention to how the new machines work, comfort level in new facility and fitting RT into schedule.
One orientation session in the new facility and tips to continue.
Protocol -participants' modifications
Modifiable with feedback within limits to maintain or improve expectancy.
N/A
Continued contact Faded contact with follow-up coordinator revolving around SCT constructs.
Limited faded didactic contact with the follow-up coordinator.
Note: SCT = social cognitive theory; SR = self-regulation; RT = resistance training.
consistent with SCT, problem solving centered on increasing self-efficacy, improving affect, and modifying ecological circumstances, with the overarching goal of facilitating RT maintenance.
To ensure success in transitioning to the new health facility, one of the trainers discussed this decision with each participant and provided a list of approved (by the study PD) community/public health facilities for continued training. The approval process was based on whether the facility had credentialed staff, safety devices (i.e., AED), and RT equipment that was comparable to the machines in the lab-gym and adequate for continued training. As the participants advanced through the transition phase (Table 6 ), they went from participating in the tracking, recording, and modifying of the RT protocol and ecological circumstances to being responsible for these tasks. Because all training after the initiation phase occurred outside the lab-gym with different RT equipment but all assessments were conducted in the labgym with the original RT equipment, it is possible that follow-up assessments underestimated maintenance or increases in strength gains given neuromuscular specificity due to equipment differences [49] .
Maintenance phase
The maintenance phase lasted for six months following the transition phase, and the objectives were to consistently train twice per week and continue to attempt to make small strength gains. During this time, participants were expected to enter all training records into the Resist Diabetes website database. There was no face-to-face personal training supervision involved. For the first three months, our follow-up coordinator met one-on-one with participants face-to-face, over the telephone, or via Skype for 15-20 min once every two weeks to review training records, expectancy ratings (to continue RT 2×/wk), and strategies with the goal of making any changes to decrease barriers for training, increase self-efficacy, improve affect, and optimize training. Over the next three months, the meetings occurred once per month, for a total of nine individual sessions. The participants' reported data on the website included exercises performed; repetitions and resistance; form and RPE ratings; an expectancy rating; and answers to a series of simple questions about their ability to plan, schedule, and complete their RT sessions. Our follow-up coordinator also entered notes into each participant's online record tracking the content of each session, including stated goals, progress on goals, and problem solving strategies. The participants received tailored feedback from the study website in written (e.g., suggested strategies to resolve work/training schedule conflicts) and graphic form (e.g., line graphs of strength changes over time), and verbally from the follow-up coordinator, such as on the effectiveness of a problem solving strategy, training sessions planned and completed, days trained, reaching goals in RT, and training at a high RPE.
RT-tracking software
During session 1 of the transition phase, participants created a username-and password-protected study account login which they used to access the Resist Diabetes website during transition and throughout the maintenance and follow-up phases of the study. The website employed software for tracking participants' RT behavior and allowing the participants to schedule RT workouts, develop plans for their workouts, and report workout data. The RT software then generated feedback in graphic form based on each participant's data entries to illustrate RT progress and maintenance.
Standard care intervention
During the transition phase, the participants randomized to the standard condition followed procedures similar to those used in the SCT condition, but without the hands-on, tailored approach (see Table 6 ). The participants in the standard group received information in an initial didactic session at the lab-gym about continuing to resistance train and a brief manual on problems frequently encountered and typical solutions. They also received general information about choosing an appropriate facility to continue RT workouts and about local health facilities that had adequate RT equipment, safety procedures, and discounts on membership or fees. Participants also received one orientation session in the new facility with one of the research assistant/personal trainers to become familiar with the environment and the equipment. However, participants did not receive any hands-on training in the new facility.
Standard care participants met with one of the trainers three times during the 4-week transition period. Subsequently, they met with our follow-up coordinator twice during the maintenance phase (once every 8-10 weeks) for didactic sessions primarily involving information about RT, frequently encountered problems, and training strategies after a plateau is reached. The primary purpose of these contacts was to prevent a higher attrition rate in the Standard group and assure safety. There was also continued contact through assessment clinics that are on the same schedule as the SCT group. Although standard participants were expected to access the Resist Diabetes study website, their account capabilities were generic and limited compared to SCT participants. That is, while standard participants could print out and use at their training facility a workout record form that was the same as the SCT condition, they were only able to schedule and report training data and only received generic feedback from the website. They also did not report data on expectancy, answer specific questions, or receive any feedback.
Follow-up phase
For both the SCT and Standard conditions, contact ended after their respective 6-month maintenance phase which was then followed by a 6-month, no contact follow-up phase.
RT adherence
At the 9-and 15-month assessment time points, RT adherence was measured with a time-line follow-back approach adapted from prior substance abuse research [50] . On a printed calendar, participants noted each day of RT within the past 30 days. In a given month, 8 sessions (2×/wk) of RT were expected. At each of these assessment points, a participant's score could range from 0 to 8 for RT sessions.
Data analysis
Sample size and power calculations
Using a Monte Carlo sample size estimation approach in MPlus [51] , we estimated that N = 55 per group would provide sufficient power to detect significant group differences in change over the four assessment points (baseline, 3 months, 9 months and 15 months) for achievement of normal FPG, 2-hr plasma glucose concentration and increases in strength (α = .05, effect size = 0.60). The effect size was informed by data from prior studies that do not have a component of RT but have employed similar measures as in the present study [52] , as well as from prior studies with RT and T2D [14, 15, [53] [54] [55] [56] [57] [58] that have shown SD estimates of 15% with a maximum difference between placebo and intervention groups to be approximately 15-20% at the final time point, comparable to a medium effect size. For hypothesis 2, we estimated a sample size of 55 per group would provide sufficient power (N.80) to detect a significant medium to large mediation effect size using a regression framework. Testing the mediation model in an SEM framework [59, 60] , we estimated that a sample of 110 participants could detect a close fitting mediation model. A sample of 170 participants was enrolled to ensure that 110 participants complete all four assessment points of the study, allowing for 35% attrition rate.
Analysis
We will conduct descriptive univariate analyses on all variables. Data will be examined for outliers, normality and missing data. Violations of normality will be corrected with a transformation procedure. If the proportion of cases with missing data is N5% [61] , we will use full-information maximum likelihood (FIML) techniques to address the missing data. This technique is considered to be the most fruitful strategy for recovering unbiased parameter estimates, standard errors and confidence intervals under different conditions of missing data [62] . We will begin by exploring predictors of non-response in order to better understand any discernible systematic processes by using follow-up techniques with participants who drop-out. FIML techniques that make use of all available information will be implemented by software such as STATA and MPlus.
Aim 1 hypothesis analysis plan
The SCT-based intervention will produce significantly greater improvements in markers of prediabetes and in strength than the standard intervention.
We will use growth curve analysis (GCM) to determine the effects of the two intervention modules on prediabetes markers and strength outcomes over time. Since most of the gain occurs in the initial phase, followed by continued growth for the SCT group and likely regression or plateauing for the standard group, there is a potential for a non-linear trend. We will therefore estimate a linear as well as a nonlinear trend by including a polynomial function of time (e.g. time-squared for a quadratic effect) as a covariate to investigate the possibility that a pattern of change other than a linear trajectory could be ascertained. Other non-linear growth models such as a spline or piece-wise models [63] will also be explored in the event the polynomial growth models do not provide a good fit.
Conceptually, GCMs involve estimating individual regressions of the dependent variable over time and adding at the next level predictors of regression parameters of individual trajectories. Each participant's unique trajectory is expressed at level 1 as y it = β 0i + β 1i x it + e it where β 0i is the intercept for individual i, β 1i is the slope for the individual i, and e it is the residual for individual i at occasion t. The GCM then can yield average values for β 0i and β 1i (i.e. average fixed effects and average fixed slope), as well as the variance and covariances of these parameters (i.e. random effects). The intercept will be specified at the first occasion of measurement, i.e. stage = 0. Spacing between the repeated measures will be set at 1, 3, and 5 to duplicate the average time of measurement between each occasion. In order to capture the potential nonlinear trajectory after the initiation phase for both of our primary outcomes, our model will estimate a quadratic effect of time by including a polynomial term for time (e.g. time-squared) at Level 1 as a covariate. At Level 2, the GCMs will predict individual differences in the intercept and rate of change as follows:
wherein intervention group status, i.e. SCT vs. standard treatment, will be included to predict individual differences in the intercept and rate of change from intervention group membership (i.e., standard vs. SCT) and person-level control characteristics (e.g., gender, age, BMI). GCMs will be fitted using MPlus. Similar analysis will be repeated for the other secondary outcomes. If deemed necessary, the GCMs will be estimated with a 1000 bootstrapped samples to obtain bias-corrected confidence intervals to compensate for the limited sample size.
Aim 2 hypothesis analysis plan
Positive changes in glucose homeostasis and strength will be mediated by self-efficacy, self-regulation, adherence, and outcome expectancies.
To test the mediation effect of variables such as change in adherence, self-efficacy, self-regulation and OEs over time, we will use two approaches. The aim of a mediation model in regression analysis is to test whether the mediating variable partially or totally accounts for the relationship between the independent and dependent variable [64, 65] . Our preliminary analysis would involve estimating the GCMs separately for the mediating variable (MV) and the outcome variable (DV), followed by using the predicted slope parameters derived from these two models as the predictors in the mediation model. If we see any evidence of or trend towards mediation, then we will combine mediation analysis with GCMs [66] . In the mediation model with growth curve analysis, mediation is defined such that the intervention program (IV) influences the growth of the outcome process (DV) indirectly by influencing the growth of the mediator process (MV). Thus, the presence of significant mediation depends on whether the intervention program changes the growth trajectory of the mediator and whether the change of the growth trajectory of the mediator, in turn, is related to the change in the growth trajectory of the outcome variable. First, the growth trajectory of the outcome variable and the growth trajectory of the mediator process will be investigated. Next, the latent growth factors will be regressed on the intervention group membership to account for the program effects, or the mean shift in the growth rate due to the intervention programs. The mediation is then modeled and estimated using a parallel process LGM method [58] . The mediation analysis with latent growth curve analysis will be fitted using MPlus [67] . The fit of the models will be evaluated by using several indices [68] , such as the adjusted goodness-of-fit index, the Tucker-Lewis index, standardized root mean square residual and the root mean square error of approximation.
Data quality/management
Electronic copies of the data are password protected, filed with no identifying information, and stored on computers with firewall protection. The project staff performs all the data management, analysis and archiving tasks. Data entry is computerized and the security of the database is maintained by password-only access, encoding of identifiers to preserve confidentiality, and secure storage of all the assessment measures. The encoded identifier is a randomly generated project assigned number. Links between the encoded identifier and personal participant information (name, address, phone numbers) is stored in a separate, secure location. Procedures for data handling, questionnaire coding, and decision rules for cleaning data have been developed during our previous studies. All data files are encrypted and stored on anti-virus protected computers with firewall protection. The PD is responsible for periodic random checks of entered data.
Discussion
Physical activity recommendations for older and diabetic adults from national health organizations, such as ACSM, the American Diabetes Association, American Heart Association, and American Geriatrics Society, include engaging in RT two to three times per week with exercises targeting major muscle groups for a minimum of one set of 8-12 repetitions per exercise [69, 70] . However, the National Center for Health Statistics estimated that only~13% of individuals aged ≥ 50 years consistently perform RT at least two days per week [71] . Furthermore, this assessment may be an overestimation because RT was defined as performance of 'any strengthening exercise'. Thus, there is a need for more empirically-based interventions to increase RT participation among the aging population.
Preliminary outcomes of the Resist Diabetes study support the initiation and safety of a whole-body RT protocol among older, previously sedentary prediabetic individuals. Participants (N = 159) who completed the 3-month initiation phase were adherent (i.e., 91%) to the twice-weekly scheduled RT sessions. The overall low AE rate suggests the effectiveness of conducting initial RT sessions in a controlled lab-gym setting supervised by certified personal trainers. Furthermore, the completion rate of follow-up contacts for the SCT intervention group was acceptable (i.e., 88%) as was attendance for participants at the 9-month (81%) assessment clinics (Note: 15-month assessment clinics in progress), with expected completions providing sufficient power (15 months, N.80). The attendance rate for follow-up contacts and assessment clinics and the AE rate support the feasibility of our RT approach for an older at-risk population.
Of note, our study design and methods are not without limitations. Study recruitment focused on older individuals who were not resistance training and met criteria for prediabetes. Therefore, our results may not extend to young and middle-aged adults, though they also may be sedentary and at a higher risk for developing diabetes. The results from the Resist Diabetes study may have limited generalizability given our enrolled population demographics, with the majority highly educated (high school and beyond), white (93%) individuals ( Table 1 ). The demographics of individuals who were disqualified during the screening process, however, were not different from our enrolled participants with the exception of pre-existing health conditions (i.e., diagnosed heart disease, current diabetes diagnosis, active cancer), medication usage (i.e., b 1 year stable dose of BP or cholesterol-lowering meds), and PA levels exceeding minimal study criteria. Our results may not extend to minority groups, as the majority of participants were white. Other factors that may have reduced inclusion and diversity in our study population were study requirements related to Internet access and future health club membership after the supervised training phase to community/public health facilities, although sliding-scale and senior discount rates were available at the local YMCA. The median household income of the Roanoke Valley area is~$38,000 (2007-2011 US Census Bureau [72]), and some individuals with interest in the project may not have had the financial resources to support in-home internet service or year-long health facility membership fees. We did not supply or support individual internet access, but each study-approved community/public health facility agreed to provide a joining fee waiver or membership fee reduction for our study participants, with monthly fees ranging from $10-$50 as well as a sliding fee scale for low-income individuals at the local YMCA. Thus, affordable options for community/public health facility memberships were available for study participants to relieve these required out-of-pocket expenses.
Additional limitations which should be acknowledged pertain to the use of self-reported methods to assess dietary intake, PA, and RT adherence. Social desirability bias is possible when assessing diet and PA behaviors, and dietary underreporting is a commonly cited limitation when relying on self-reported dietary intake [40] . However, multiple 24-hour recalls are considered superior to other methods for dietary assessment methods, and our preliminary energy intake data appears to be consistent with that reported by nationally representative samples in this age range [41] .
Translational behavioral research related to RT initiation and maintenance is lacking evidence from theory-based interventions in adult populations. There are numerous reports from laboratory-controlled RT interventions [7, 48, 73] , but very few studies have examined the outcomes of long-term, less supervised RT in community/public health facilities [54, 74, 75] . Furthermore, few, if any, studies have employed all SCT constructs (i.e., self-efficacy, self-regulation, OE) to assist individuals overcome barriers to RT in commercial and community facilities during study follow-up periods. The Resist Diabetes study aims to address this theoretical and translational set of issues by demonstrating that a high fidelity SCT-based intervention with extended but faded contact during follow-up may produce greater RT maintenance than more generic, long-term or standard interventions and that SCT variables mediate RT maintenance. Current analysis of our initiation phase outcomes indicate our RT protocol is effective (increased strength), safe (low AE rate), and feasible (acceptable adherence and retention rates) for at-risk adults. However, it is likely that initial RT instruction for at-risk individuals needs to be conducted in a supervised setting, followed by the application of SCT constructs and principles to support transition to and long-term RT maintenance in a community/public health facility.
Conclusions
In conclusion, Resist Diabetes is the first long-term randomized controlled trial to apply SCT constructs and strategies in an intervention for initiating and, most importantly, maintaining RT in older adults with prediabetes to improve glucose homeostasis. Unique features of the current study include: the hybrid efficacy/effectiveness approach; a 6-month maintenance intervention phase with faded contact and then a 6-month follow-up phase with no contact after the intervention ends; direct quantitative assessment of fasting glucose and glucose tolerance during an OGTT and estimations of insulin sensitivity, beta-cell responsivity, and disposition index using oral glucose and c-peptide minimal models; application of minimal RT dose following ACSM guidelines (1 set, 8-12 repetitions, multiple muscle exercises, 2 ×/wk) demonstrating initial efficacy, safety, time efficiency, and adherence; and access to study-specific software for RT tracking via desktop and mobile technology. Findings will provide information on the relationship between the initial 3-month RT protocol and glucose regulation and strength in sedentary prediabetic adults. Significant improvements in the primary and secondary outcome measures for participants randomized to the SCT intervention compared to standard care after the maintenance and follow-up phases will demonstrate the efficacy of SCT constructs and strategies with faded contact on adherence to minimally supervised RT. If successful, this trial may provide evidence for using long-term theory-based interventions with RT in future investigations and translational efforts for diabetes and disease prevention programs in the aging population.
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